To generate krt18:LifeActTom, 3.9kb upstream of keratin 18 was amplified from genomic DNA of 24 hpf embryos and cloned into the 5' Gateway entry vector (p5E-krt18Pr). The following primers were used:
directions, to account for potential sample movement. Data was not included for analysis in cases in which the cell shifted out of view. When possible, the sample was re-positioned and imaging re-started. This causes the occasional appearance of irregular time intervals in our time lapse image sequences. A proportion of image series could not be analyzed due to poor quality (low signal or loss of signal over time) or difficulty in distinguishing individual cells. In some samples, signal recovery permitted resumption of analysis at subsequent time points, with times of image acquisition as indicated in the figures.
As older fish (>5dpf) show decreased viability following continuous imaging for more than 2-3h, imaging studies extending >3h were performed by adapting a 'catch-and-release' approach (Mumm et al., 2006) . In brief, samples were mounted in low melt agarose in glass bottom plates (maximum 2 per plate), overlaid with tricaine and directly imaged. The x,y coordinates of the imaged region were recorded relative to the primary islet to enable identification of the position at later times. After imaging, samples were carefully removed from the agarose using fine forceps, rinsed in egg water, and returned to the incubator in individual 3cm plates until the next imaging session.
To follow clustering of Notch inhibitor-induced endocrine cells from 6-9 dpf (Fig. S2 ), 20 samples were imaged in total. 9/9 that were followed to 8 or 9 dpf showed cluster formation. 5/8 samples imaged to 7 dpf had formed clusters, while the remaining 3 showed cell movements but had not formed clusters. 3 samples were not analyzed as they did not survive beyond the first time point. Regions for extended imaging in uninduced 13-15 dpf samples were selected to contain single cells within 2-3 cell diameters of a larger cluster or of other cells. Already formed clusters or isolated single cells were not followed.
Cell Tracking
For analysis of time lapse series, image stacks were first cropped and registered using ImageJ. Images for extended time series were manually aligned. Individual cells followed over time in z-projections were highlighted by a color overlay using Photoshop. Cells were manually tracked using 3D visualization in Imaris, with identity based on relative positions Development 145: doi:10.1242/dev.158477: Supplementary information and relation to nearby structures. In some series, cells could be followed based on GFP in addition to dsRed expression. A subset of dsRed + cells became GFP + over time, reflecting progressive differentiation of endocrine progenitor into beta cells. To quantitate cell clustering, cell coordinates (x,y,z) at each time point were determined using Imaris and exported to Matlab. Volume of a polygon that contains the tracked cells was calculated using the 'convex hull' function of Matlab. Polygon representations were generated in Matlab.
Filopodia Tracking
For filopodia tracking, the image stack was processed using ImageJ. The image was first cropped to contain a single cell. Contrast enhancement and background subtraction were performed, and gamma adjustment was applied to enhance the weak signal of fine protrusions. Filopodia length was measured in each frame using the 'Neuron Growth' plugin for ImageJ (Fanti et al., 2011) . As recommended (Fanti et al., 2011) , images were resized twofold to increase pixel density and improve detection of boundary features. Detection was performed using the automatic mode where possible, with manual correction applied as necessary. Cell morphology and motility were analyzed on 2D projections, recognizing that information along the z-axis will go undetected. From a lateral view, the pancreas extends primarily along the x-y dimension. Z-projections were necessary in order to have sufficient signal intensity to detect boundaries and fine protrusions in the x-y dimension. Of 13 time lapse movies acquired in 2 independent experiments, 5 had cells with robust membrane signal, and maintained signal intensity that was sufficient for filopodial tracking analysis. In all, 41 filopodia were analyzed.
Quantitation of cell morphology and membrane dynamics
For analysis of morphology and membrane dynamics in time series, PI3K-inhibitor treated and control samples at 6 dpf were imaged at 3-minute intervals with 1024x1024 pixel resolution. For analysis of cell morphology in hsp:LifeActTom-PTX transgenics and controls, heat-shocked samples at 7 dpf were imaged at 4-minute intervals with 512x512 pixel resolution to minimize bleaching, and images were resized to double the pixel density.
Images were smoothed by a median filter, and gamma adjustment was applied. Cell morphology analysis was performed using the ImageJ plugin ADAPT (Barry et al., 2015) on image series cropped to contain a single cell. Parameters were adjusted empirically for optimized detection. Fine protrusions not recognized automatically were outlined manually.
Cell circularity is calculated as 4π(area/perimeter 2 ). Solidity is the area divided by the area of the convex hull (Fig. S8A ). Membrane dynamics were determined using CellGeo (Tsygankov et al., 2014) , using data sets of cell boundaries computed by the ADAPT PlugIn.
Total cell membrane dynamic activity (protrusion + retraction) between successive video frames was normalized to cell perimeter. The boundary velocity threshold was set to 5.
Secondary islet quantitation
In control experiments, islet formation was most robust and consistent when more cells were induced. In a previous report, maximal islet cell induction was achieved with 50µM Ly411575 for up to 3 days (Ninov et al., 2012) . For our islet assembly assay, we applied an induction method using lower doses of notch inhibitor and retinoic acid inhibitior for 24h, as samples are subjected to an additional 48h of inhibitor treatments. Combining low-dose inducing treatments acting on 2 different pathways minimized systemic toxicity, and represents the milieu that controls physiological islet cell differentiation (Huang et al., 2014; Kimmel and Meyer, 2016) . Results shown for islet assembly assays are representative of at least 2 independent experiments.
To quantitate inhibitor effects on secondary islet formation, 3D object analysis was performed using the Particle Analyzer of ImageJ (Doube et al., 2010) . Image stacks were prepared for analysis by preprocessing steps using ImageJ, in which the pancreas is manually outlined based on mCherry expression in the exocrine pancreas, to define the location of the secondary islets, and exclude other GFP + cells in the region (Fig. S10B -C, for details see Supplemental Protocol 1, below). For experiments using heat-shock inducible PTX expression, in preprocessing steps the pancreas is manually outlined based on a corresponding brightfield image, followed by analysis using the Particle Analyzer (see Supplemental Protocol 2, below).
Automated islet quantitation
The process for automated analysis of islet volumes involved the following steps: (1) The user is presented with an image combining the middle slice of the red channel (exocrine pancreas) and a maximum-intensity projection of the green channel (endocrine islets), and required to mark a line separating the pancreatic head from the tail region. (2) Both channels are blended with a histogram equalized version of themselves, to achieve contrast enhancement. (3) The red channel (pancreas) is segmented using the Chan-Vese model • If gut movements caused shift during image acquisition: apply StackReg (Rigid Body)
[Additional pre-processing, such as background subtraction, can further improve islet detection (apply uniformly to data set).]
• Perform Z projection of islets: Image > Stack > Z-project (Max Intensity)
• Select image stack of ela:mCherry + exocrine pancreas  * Value depends on imaging conditions, can decrease to 50 if robust signal with high signal-to-noise ratio. Figure S6 . Protrusions in naturally occuring secondary islet cells.
(A) Maximal projection of confocal stack of mnx1:memGFP;ela:mCherry transgenic at 8 dpf.
mnx1:memGFP-positive cells are rare at this stage (see Table S1 ). (A') GFP signal shown alone for clarity, a single cell is indicated (yellow box). Scale bar = 50µm. This image was assembled by stitching together images of partially overlapping regions, using the Pairwise Nearby GFP + /mCherry -cells (I, arrow) belong to the gut enteroendocrine system. Scale bar = 50µm. (J) Volumes of secondary islets, as analyzed using Imaris (blue surfaces in E, I), at 6 dpf (n=7) and 8 dpf (n=7) (p<0.0001, Mann-Whitney test, one-tailed). (K) GFP + / H2BmCherry + cells at 6 dpf and 8 dpf in samples as in (B) and (F) (p=0.25, t-test, two-tailed).
The same samples were imaged at 6 dpf and 8 dpf (n=7). Results of all analyses are representative of 2 independent experiments. Number of larvae per group as indicated. CTL, 111 objects; Tyr (0.5µM), 115 objects; Tyr (1.0µM), 93 objects; NCS(75µM), 153 objects; NCS(100µM), 55 objects. Figure S17 . Toxicity curves for Tyrphostin and NSC23766.
Zebrafish larvae (5 dpf) were treated with the indicated concentrations of Tyrphostin (A) and NSC23766 (B) and observed for survival for 48h (for details see Materials and Methods and Table S7 ). 2 (6%) 7 1 (3%) (# larvae/% of total) Samples with transgenes indicating endocrine-(pax6b-promoter) and early beta-cells (mnx1-promoter) were examined by confocal microscopy and the number of transgenepositive cells in the pancreatic tail were counted. Samples transgenic for pax6b:GFP (n=53) or pax6b:dsRed (n=42) were examined by confocal microscopy at 2 weeks (14-15dpf). Secondary islets in the pancreatic tail were counted and categorized as small (1-3 cells), medium (4-6 cells) or large (>7 cells). Samples transgenic for pax6b:dsRed or pax6b:GFP were imaged by confocal microscopy at 13-15 dpf (as shown in Fig. 1H, S1 ). Configurations selected for imaging contained single isolated cells in proximity to each other or close to larger clusters (see Materials and Methods). Of 106 samples examined, 42 were imaged and followed as possible. "Static" refers to observations seen at a single time point, dynamic features occurred over >1 time point. Samples may be entered into >1 category.
Supplementary Tables

Islet Frequency # of islets
% of samples 0-3 37% 4-6 41% 7-9 20% 10 or more 2% 
